The SEM and EDS results of porous coatings formed on pure titanium by Plasma Electrolytic Oxidation (Micro Arc Oxidation) under DC regime of voltage in the electrolytes containing of 500 g zinc nitrate Zn(NO 3 ) 2 ·6H 2 O in 1000 mL of concentrated phosphoric acid H 3 PO 4 at three voltages, i.e. 450 V, 550 V, 650 V for 3 minutes, are presented. The PEO coatings with pores, which have different shapes and the diameters, consist mainly of phosphorus, titanium and zinc. The maximum of zinc-to-phosphorus (Zn/P) ratio was found for treatment at 650 V and it equals 0.43 (wt%) | 0.20 (at%), while the minimum of that coefficient was recorded for the voltage of 450 V and equaling 0.26 (wt%) | 0.12 (at%). Performed studies have shown a possible way to form the porous coatings enriched with zinc by Plasma Electrolytic Oxidation in electrolyte containing concentrated phosphoric acid H 3 PO 4 with zinc nitrate Zn(NO 3 ) 2 ·6H 2 O.
INTRODUCTION
Electrochemical surface treatment of metals and alloys is an important part of surface finishing processes allowing to obtaining required features of nano-and/or micro-layers on selected materials with expected physical, chemical and mechanical properties. The electropolishing (EP) [1] [2] [3] [4] [5] [6] [7] , magnetoelectropolishing (MEP) , and high-current density electropolishing (HDEP) [30] [31] [32] processes generally result in bright and smooth surfaces with nanometer oxide film created. On the other hand, Plasma Electrolytic Oxidation (PEO), known also as Micro Arc Oxidation (MAO) [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] , may be used to obtain on metallic substrate the micro-layers, to be employed for different applications, e.g. as a part of automobile catalysts and/or to biomaterials. In case of biomaterials finishing, it is important to create the porous surface enriched in antibacterial copper [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] or zinc. Zinc enrichment of porous PEO coatings is the main subject of the present paper. In addition, it is also desirable to form the surface with the least amount of vanadium, aluminum, and nickel, which are toxic to the human body [41, 43, 53] .
In the present paper, the Authors describe the porous surfaces obtained on titanium after PEO treatment under DC regime of voltage in the electrolyte containing concentrated (85%) phosphoric acid H 3 PO 4 and zinc nitrate Zn(NO 3 ) 2 ·6H 2 O. A focus was directed on the zinc-tophosphorus (Zn/P) ratio in the porous coatings obtained.
METHOD AND EXPERIMENTAL SET UP
Plasma Electrolytic Oxidation (Micro Arc Oxidation) process was used for treatment the samples of CP Titanium Grade 2 with dimensions 10 mm × 10 mm × 2 mm. The plasma electrolytic oxidation (PEO) was performed at the voltages of 450 V, 550 V and 650 V. The electrolyte consisted of a concentrated 85% analytically pure H 3 PO 4 (98 g/mole) acid, one liter, with 500 g of zinc nitrate Zn(NO 3 ) 2 ·6H 2 O dissolved in it.
The scanning electron microscope Quanta 250 FEI with Low Vacuum and ESEM mode and a field emission cathode as well as the energy dispersive EDS system in a Noran System Six with nitrogen-free silicon drift detector, were used.
A computerized HOMMEL TESTER T800 system of Hommelwerke GmbH to study of surface roughness measurement was used. It was equipped with sliding measuring head Waveline 60 Basic/51808 and the sensor TKL100/17 MO435005. Measuring needle beam was equal to 3.5 µm with its angle of 87°. The tracing, evaluation and single measuring lengths, equal to 4.8, 4.0 and 0.8 mm, respectively, were used. Due to the porous surface, the non-contact methods for surface roughness [57] were not possible to be used, inter alia because of the uncertainties in measurement results [58] . According to the EN ISO 4287:1999 [59] and DIN 4768 [60] standards, the following roughness parameters have been measured: arithmetic mean of the sum of roughness profile values (Ra), mean peak-to-valley height (Rz DIN ), ten-point height (Rz ISO ), mean-square deviation of the roughness profile (Rq), total height of the roughness profile (Rt), mean width of the roughness profile elements (RSm), the ratio (l 0 =L/L 0 ) of the developed profile length (L) to the evaluation length (L 0 ) and profile peak density (D).
RESULTS
In Figures 1-3 , the SEM images with different zoom lens (500×, 5 000×, 10 000×) of porous surfaces obtained on titanium after the PEO treatment at 450 V for 3 minutes, in the electrolyte consisting of 500 g Zn(NO 3 ) 2 ·6H 2 O in 1000 mL H 3 PO 4 , are displayed. The EDS spectrum related to the SEM image with magnification of 500 times is presented in Figure 4 . The recorded peaks of EDS spectrum show clearly that in the studied coating, phosphorus, zinc, titanium, and oxygen were found. It has to be also pointed out that a part of titanium signal may origin also of matrix, not only of the PEO coating. The EDS results of coating formed on Titanium after PEO treatment at 450 V, with using a magnification of 500 times, are presented in Table 1 . The quantification of light element as oxygen by using of EDS method is not possible that way. The analysis of PEO coating chemical composition will be based only on titanium, phosphorus, and zinc, as well as on zinc-to-phosphorus (Zn/P) ratio, which origin from electrolyte. In porous coating formed during PEO process on titanium at 450 V, 53.7 wt% (45.7 at%) of titanium, 9.6 wt% (6 at%) of zinc, and 36.7 wt% (48.3 at%) of phosphorus, were recorded. In addition, the zinc-to-phosphorus ratio, which is equal to 0.26 and 0.12, respectively by weight and atomic concentration, is presented. In Figures 5-7 , the SEM images with different zooms (500×, 5 000×, 10 000×) of porous surfaces obtained on titanium after the PEO treatment at 550 V for 3 minutes, in the electrolyte consisting of 500 g Zn(NO 3 ) 2 ·6H 2 O in 1000 mL H 3 PO 4 , are shown.
The recorded peaks of EDS spectrum (Figure 8) show that in the studied coating, phosphorus, zinc, titanium, and oxygen were found. The EDS results of coating formed on Titanium after PEO treatment at 450 V, with using a magnification of 500 times, is given in Table  2 . In porous coating formed during PEO process on titanium at 550 V, 54 wt% (46.3 at%) of titanium, 10.6 wt% (6.7 at%) of zinc, and 35.4 wt% (47 at%) of phosphorus, were recorded. In addition, the zinc-to-phosphorus ratio, which is equal to 0.30 and 0.14, respectively by weight and atomic concentration, is provided. Figures 9-11 , the SEM images with different zooms (500×, 5 000×, 10 000×) of porous surfaces obtained on titanium after the PEO treatment at 650 V for 3 minutes, in the electrolyte consisting of 500 g Zn(NO 3 ) 2 ·6H 2 O in 1000 mL H 3 PO 4 , are displayed. The recorded peaks of EDS spectrum ( Figure 12) show that in the studied coating, phosphorus, zinc, titanium, and oxygen were found. The EDS results of coating formed on Titanium after PEO treatment at 650 V with using a magnification of 500 times are shown in Table 3 . In porous coating formed during PEO process on titanium at 650 V, 52.4 wt% (45.8 at%) of titanium, 14.2 wt% (9.1 at%) of zinc and 33.4 wt% (45.1 at%) of phosphorus, were recorded. In addition, the zinc-to-phosphorus ratio, which is equal to 0.43 and 0.20, respectively by weight and atomic concentration, is given. Zn/P 0.43 0.20 Figure 13 shows the zinc-to-phosphorus ratio for biomaterial such as titanium oxidized in two electrolyte containing concentrated phosphoric acid (H 3 PO 4 ) with zinc nitrate (Zn(NO 3 ) 2 ·6H 2 O), by PEO treatment. It is clearly visible that the Zn/P ratio is increasing over 1.6 times with increasing of PEO voltage from 450 V to 650 V. In Figure 14 
CONCLUSIONS
In this paper, the results of the porous coatings obtained by PEO treatment on titanium, with using of electrolytes containing of 500 g zinc nitrate Zn(NO 3 ) 2 ·6H 2 O in one liter of concentrated phosphoric acid H 3 PO 4 , are described. The results show that all obtained coatings are porous, however the pore shapes and sizes are different. Recorded data of EDS spectra show that in all the porous coatings obtained, titanium, oxygen, phosphorus, and zinc, are present. In the PEO coatings got at 450 V, 53.7 wt% (45.7 at%) of titanium, 9.6 wt% (6 at%) of zinc and 36.7 wt% (48.3 at%) of phosphorus were found, whereas in those ones formed at 650 V: 52.4 wt% (45.8 at%) of titanium, 14.2 wt% (9.1 at%) of zinc and 33.4 wt% (45.1 at%) of phosphorus, were noted. Additionally, for all coatings, the zinc-to-phosphorus (Zn/P) ratios were calculated. The maximum of that coefficient was found for the PEO treatment at 650 V and it equals 0.43 (wt%) | 0.2 (at%), whereas the minimum was recorded for voltage of 450 V and equaling to 0.26 (wt%) | 0.12 (at%). However, it has to be pointed out that the presented results will be repeated once more by minimum 5 times in case of statistical data processing and presented in the next papers. From the acquired data it may be concluded that a trend is observed as follows: the higher voltage applied in the PEO treatment, the higher Zn/P ratios obtained.
Summing up, it should be noted that presented results confirm a possibility to create enriched in zinc porous coatings by using of Plasma Electrolytic Oxidation process in electrolytes containing concentrated phosphoric acid H 3 
